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INFLUENCE OF THYROXINE ON THE METABOLISM OF
AMINO ACIDS AND PROTEINS DURING FASTING*
H. D. HOBERMAN AND J. GRAFF
Following thyroidectomy the catabolism of nitrogen is accelerated, as
indicated by studies both on fed and fasting rats.'"8 In an earlier report
evidence was presented which showed that after thyroidectomy the rate of
amino acid catabolism is elevated, while at the same time, a fall in the rate
of conversion of body protein to amino acids occurs. The nitrogen output of
fasting hypothyroid animals was found to be slightly greater than normal,
indicating that of these two effects of thyroidectomy on the metabolism
of nitrogen, the influence on amino acid catabolism is predominant.
The experiments to be reported in this communication deal with the
effects of small doses of thyroxine on the amino acid and protein metabolism
of fasting thyro-parathyroidectomized rats. By labelling the amino acid
reservoir of these animals with isotopic nitrogen (N15), it has been possible
to show that the daily injection of 10 ug. of dl-thyroxine for 7 days is
sufficient to repress the catabolism of the tissue amino acids of fasting
hypothyroid animals, while at the same time, an acceleration of protein
breakdown occurs.
Experimental
Sixty-day-old male rats of the Sprague-Dawley strain were submitted to thyro-
parathyroidectomy by the usual procedure. Twenty-five days after operation six
animals received 10 ,ug. of dl-thyroxinet daily by subcutaneous injection, and six rats,
reserved as controls, received daily injections of saline. All animals were fed Purina
Fox Chow pellets and were provided with drinking bottles of an aqueous solution
containing 1.8% calcium lactate and 0.2% calcium chloride. After the 5th day of
injection the rats were fasted for 24 hours, and on the 6th day, one ml. per 100 gm. of
body weight of a 1% solution (0.85% sodium chloride) of isotopic glycine (30.6
atom % excess) was administered by intraperitoneal injection. The animals were
placed separately in metabolism cages and urine was collected for 10 and 48 hours
after the administration of N1'. Injections of thyroxine and saline were continued
during the two experimental days. At the termination of each period of collection of
urine, the funnels and cages were rinsed, and the urine and washings made to suitable
volumes. After filtration, aliquots were removed for quantitative and isotope analyses
of the urinary total nitrogen.
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Results
In an earlier reporte a method was described for the measurement of the
approximate rates of utilization of the tissue amino acids for the formation
of urea and the synthesis of body protein during fasting. It was shown that
the relationship between the amounts of N15 excreted in the urine and the
utilization of amino acid nitrogen may be expressed by means of the
following equations:
,8 = k, + k2= 2.3 log Es
t E- E
(Equation 19')
TABLE 1
URINARY EXCRETION OF N'S AND RATES OF AMINO ACID AND PROTEIN
METABOLISM OF THYRO-PARATHYROIDECTOMIZED RATS
Weight* E1o
gm.
270
302
284
284
290
266
Mean
S.E.t
mg.
0.691
0.606
0.580
0.600
0.656
0.551
E48 Cs8 Urinary Nt k1
atomper mg. per100
mg.
0.965
0.855
0.808
0.916
0.910
0.796
cent
excess
0.245
0.256
0.276
0.256
0.254
0.313
gm.
per hour
3.04
2.30
2.15
2.62
2.57
1.99
2.45
0.15
percent
per hour
6.60
5.77
5.96
5.70
6.55
5.69
6.05
0.17
k. ksP
mg.per100
per cent
perhour
5.98
6.57
6.65
4.93
6.25
6.09
6.08
0.38
gm.
perhour
5.19
4.96
4.60
4.96
5.00
4.06
4.80
0.17
* Dose, a = weight (to nearest dekagram) x 0.61
100
t Calculated from 48-hour nitrogen output.
tStandard error = 1 (xl-)'
n(n -1) i=1
Es/a- ki
k, + k2
(Derived from equation 17')
where E and Es are the amounts of N15 excreted in t and Ti hours, respec-
tively; k, is the fraction of amino acid nitrogen which, per hour, is
catabolized and excreted; k2 is the fraction of amino acid nitrogen which,
per hour, is incorporated into body protein; and a is the dose of isotopic
nitrogen administered. It was also shown that the rate of protein breakdown
during fasting is measured by the extent of dilution of the administered
N15, and may be calculated from the formula
(3) ksP
= 1OOa/CiT,
(1)
(2)
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where k3 is the fraction of body protein nitrogen (P) which, per hour, is
converted to amino acid nitrogen, and C4 is the isotope concentration of
the urinary nitrogen after collection for T4 hours. In the experiments
reported in this and an earlier publication,1 t and T4 are 10 and 48 hours,
respectively.
In Table 1 are recorded the data obtained when the rate of excretion of
N'5 was measured after the administration of isotopic glycine to untreated
thyro-parathyroidectomized rats. The results shown are in good agreement
with those reported previously,1 and are in contrast with data obtained from
normal animals. In the latter the values of ki, k2, and k3P which have been
reported are 3.25% per hour, 6.31%o per hour, and 6.31 mg. per 100 gm.
TABLE 2
URINARY EXCRETION OF N15 AND RATES OF AMINO ACID AND PROTEIN
METABOLISM OF THYRO-PARATHYROIDECrOMIZED RATS RECEIVING THYROXINE
Weight* E1o E0s Ca Urinary N* k1 kt ksP
atomper mg. per100 mg. per100
cent gm. per cent per cent gm.
gm. mg. mg. excess perhour perhour per hour perhour
282 0.584 0.938 0.207 3.37 5.34 4.39 6.14
310 0.481 0.766 0.255 2.02 4.00 5.87 4.98
304 0.423 0.754 0.204 2.54 4.58 6.48 6.23
300 0.546 0.838 0.232 2.51 4.83 5.71 5.48
288 0.405 0.672 0.225 2.16 3.50 5.72 5.65
294 0.333 0.610 0.222 1.95 2.72 5.17 5.22
Mean 2.42 4.16 5.56 5.62
S.E.* 0.21 0.38 0.29 0.20
* Please refer to footnotes of Table 1.
per hour, respectively, while the nitrogen output was 2.11 mg. per 100 gm.
per hour. The data obtained in the experiment employing thyroxine-
treated animals is shown in Table 2. It is evident that the treatment brought
about a significant decline in the rate of amino acid catabolism (P < 0.01),
and an equally significant acceleration of protein breakdown (P < 0.01).
The difference between the values of k2 for the two sets of animals is not
significant. It will be noted that no change in the rate of excretion of
nitrogen occurred in the treated animals, indicating that the inhibition of
amino acid catabolism was not of sufficient magnitude to overcome the
concomitant acceleration of protein breakdown.
Discussion
In an earlier report' evidence was presented which favored the view that
in the absence of thyroid gland the secretion of pituitary growth hormone
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is markedly repressed. It was shown that the administration of growth
hormone to thyro-parathyroidectomized rats brought about nOt only a
reduction in the level of amino acid catabolism, but also accelerated the
incorporation of amino acids into body protein. Since the administration of
thyroxine to hypothyroid animals also caused a lowering of the rate of
catabolism of amino acids, it would appear that the influence of this
hormone on the metabolism of amino acids is mediated by the pituitary
gland. On the other hand the effect of thyroxine on the mobilization of
amino acids from body protein would appear to be more direct. We have
recently found that thyrotropic hormone* brings about a significant
acceleration of protein breakdown in hypophysectomized rats.
Since growth hormone causes an increase in the rate of utilization of
amino acids for the synthesis of protein, it might be anticipated that treat-
ment with thyroxine, by causing an increase in the output of growth
hormone, would also accelerate protein synthesis. That this is not the case
may be related to the fact that the incorporation of amino acids into
protein is exceedingly sensitive to the secretions of the adrenal cortex.
This suggests that even small doses of thyroxine may so raise the level of
adrenal activity as to block the effects of an augmented output of growth
hormone. It is already well known that large doses of thyroid hormone may
bring about hypertrophy of the adrenal glands.' Since the adrenal cortex
is also concerned with the mobilization of amino acids from body protein,
it would be of interest to determine to what extent the adrenal steroids
mediate the effect of thyroid activity on this process.
The results of the present study are consistent with those of Rupp et al.8
who have reported that small doses of thyroxine (5-10 jug.) diminish the
nitrogen output of force-fed rats, and that this effect appears to depend
upon the presence of the pituitary gland.
Summary
By measuring the rate of excretion of N15 after the administration of
N15 glycine to fasting thyro-parathyroidectomized rats, it was found that
small doses of thyroxine reduce the level of amino acid catabolism and
accelerate the breakdown of body protein.
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